Synthesis of N-(2-(2-Bromoisobutyryl)ethoxy)ethyl phthalimide (1)
N-(2-(2-bromoisobutyryl)ethoxy) ethyl phthalimide was synthesized according to previously published literature 38 and isolated as a yellow oil in a 79% yield. 1 
Preparation of Phthalimide end capped Poly(2-(2-(2-Methoxyethoxy)ethoxy)ethyl methacrylate) (POEG 3 A)
Cu(I)Br (2.6 mmol), PMDETA (2.6 mmol) and a dry stir bar were added to a dry round bottom flask which was fitted with a rubber septum. Initiator (1, 0.52 mmol) and 2-(2-(2-methoxyethoxy)ethoxy)ethyl acrylate (34.9 mmol) were mixed together and degassed for 30 min,
followed by the addition of the mixture to the round bottom flask using a needle while backfilling with N 2 . The green reaction mixture was degassed for 15 min and placed in a 70 ºC oil bath for 18 h. After 18 h, the polymer was isolated and purified by dissolving in THF and filtering through a short plug of basic Al 2 O 3 . The resulting solution was concentrated in vacuo and then precipitated in cold hexanes (x 3) to remove unreacted monomer, decanting hexanes after each precipitation step. The solution was further dried in a vacuum oven to yield 40 % (mass yield) of a yellow viscous oil. (M n = 13,000 g mol -1 , Ð = 1.13). POEG 2 MA was synthesized following the same procedure with 2-(2-methoxyethoxy)ethyl methacrylate (M n = 11500 g mol -1 , Ð = 1.2)
methacrylate (POEG 3 A)
Phthalimidyl functionalized POEG 3 A (5 g, 0.38 mmol) was dissolved in 20 mL of THF in a round bottom flask, followed by the addition of 1 mL of hydrazine hydrate. The reaction was refluxed for 2 hours which resulted in the formation of a white precipitate (phthalhydrazide). The solution was centrifuged and the top layer was precipitated in THF and centrifuged (x 2) to remove residual phthalhydrazide. The top layer was concentrated in vacuo to yield a yellow viscous oil. Yield:
4.31g (86% by mass), M n = 12,700 g mol -1 , Ð = 1.15. Phthalimidyl functionalized POEG 2 MA was deprotected following the same procedure (88% yield, M n = 12,100 g mol -1 , Ð = 1.24).
Synthesis of POEG 3 A grafted Cellulose nanocrystals (t-CNC-g-POEG 3 A)
t-CNC-g-POEG 3 A was synthesized following a previously published procedure for grafting polymers onto CNCs with minor modifications. 38 In short, t-CNC-COOH (200 mg, 0.191 mmol)
were dispersed in DMF at 1 wt% via sonication and transferred into a round bottom flask. NHS (219 mg, 1.91 mmol) and DIC (240 mg, 1.91 mmol) were added to the reaction and allowed to stir for 15 min. Amine -functionalized POEG 3 A (3.22g, 12,700 g mol -1 , 0.215 mmol) was added to the suspension resulting in a light yellow color, which was placed in an oil bath at 70 ºC and allowed to stir for 48 h. The reaction was precipitated in diethyl ether and separated by centrifuging. To ensure efficient removal of unreacted polymer, the resulting solid was dispersed in THF followed by a repetitive sequence of: ultrasonication at 20% amplitude for 5 mins, centrifuging, decanting of the top solution and addition of excess THF. This sequence was repeated 5 times until the top solution was clear, suggesting efficient removal of unreacted polymer. Charge density mmol kg
Where DV obtained from conductometric titrations = 0.6 mL, C is the concentration of NaOH used for conductometric titrations = 0.01M, and m is the mass of t-CNCs used = 7.5 mg.
t-CNC-g-POEG 2 MA was synthesized in similar fashion (M n of POEG 2 MA = 12,100 g/mol)
yielding a final mass of 550mg (63 wt% grafted polymer by mass). 
t-CNC-g-POEG y (M)A Nanocomposites
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laboratory press at 85 ºC at 3500 psi for 5 min (x 2) to yield 200-300 µm flexible thin nanocomposite films.
Aqueous Swelling
Dried specimens in the form of rectangular films were weighed using a four-digit balance and then immersed in deionized water at 37 °C. The samples were removed every 24 h, gently blotted using filter paper, weighed and immediately re-immersed in deionized water. Swelling measurements were conducted for 5 days to ensure equilibrium swelling weights and were carried out in triplicate.
The water uptake (WU) was determined from the relative increase in weight of the specimens following equation 2.
where M t and M 0 are the mass of the specimens after water immersion for a certain period of time (t) and before immersion in deionized water respectively. 42, 43, 46 According to the percolation model, the modulus of the composite E´ can be expressed by:
Details of the Percolation Model
where E´s is the tensile storage modulus of the soft matrix phase, and E´r and X r are the tensile storage modulus and the volume fraction of the rigid filler phase, respectively. Ψ is the percolation volume fraction of filler particles that participate in the load transfer, which according to the percolation theory is:
where X c with X r ≥ X c and X c ≥ 0.7/A r (A r is the aspect ratio of the nanofibers) is the critical filler volume fraction needed for percolation.
Mechanical parameters used in Percolation Model:
E´-tensile storage modulus above T g determined by DMA at 80 °C for PVAc composites.
E´r -of the neat t-CNC-POEG y (M)A film after being dried above LCST as determined by DMA (See Figure S9) . E´r = 2GPa.
E´s -of the matrix as determined by DMA at 80 °C (See Figure S9 ). E´s (PVAc) = 0.3MPa. X r -is the volume fraction of the CNCs in the matrix and is controlled experimentally. 
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The term at low q (i.e., q ≤ q 1 ) describes the shape of the objects in solution. For example, s = 0 implies that the objects are globular, whereas s = 1 implies the presence of rod-like objects. R g is the radius of gyration for the entire object in solution, e.g., the bare t-CNCs or the t-CNCs and grafted polymers. The exponent d in the high q term yields information on the conformation of the grafted polymer chains. For d = 2, the chains adopt ideal conformations. A value of d = 3 implies collapsed polymer chains. Thus, as T approaches the LCST, d is expected to increase in magnitude.
The coefficients G and D are scale factors, and B is the incoherent neutron background.
Simulations Energy Conserving Dissipative Particle Dynamics (EDPD)
Similar to the original form of DPD 25 the EDPD extension is a coarse-grained particulate method in which the motion of the particles follow Newton's equation of motion. 49 A modified velocityVerlet 50 time integration algorithm is used to solve the equation of motion of the particles. In EDPD in addition to momentum conservation, the time evolution of the particles is performed conserving the energy in the system. The governing equations are:
Where i r and i v represent the position and velocity of the particles respectively. The total force acting on each particle is the summation of three main pairwise forces.
F , and R ij F are the conservative, dissipative and random forces respectively. The conservative force is a soft repulsive potential that represents the interaction between the particles.
In non-isothermal conditions, the interaction potential is a function of the system's temperature.
According to the previous literature, 51 in order to capture the compressibility of liquid water the following form of the repulsion parameter is used: DPD has been extended to an energy conserving form known as EDPD 49, 24 that can treat nonisothermal phenomena. 26 In EDPD in addition to its momentum, each particle is associated with an internal energy whose time evolution is calculated according to the following equation: 1 1 ( )( ) 
Simulated System
Nano-rods are constructed by attaching rigid particles together ( / = 30). The whole rod is considered as one body and the equation of motion is integrated considering rigid body dynamics.
Nevertheless, the time evolution of the internal energy follows the equations showed in the previous section. The small distance between the consecutive beads,
c d r =
, results in an increased value for density around the nano-rods and consequently prevents them from overlapping. Polymer chains are constructed using a bead spring potential connecting 10 EDPD beads together. The same spring potential is used for grafting the chains onto the nano-rods (5 chains are grafted on each rod). The grafting sites are fixed but the chains are allowed to move around the centerline of the rods. Initially, the polymer-grafted rods are randomly distributed in a polymer matrix (made out of 70 EDPD beads). A film of the nano-composite is generated in the middle of the calculation box (35*26*35 2 3 ). 5*10 4 solvent particles that are initially generated on S13 top and bottom of the box are allowed to penetrate through the film; however, boundary conditions do not permit neither the rods nor the polymer matrix to escape the film. Solvent particles represent water molecules, rods are assumed to be hydrophilic (as t-CNCs are very hydrophilic) and are grafted with LCST polymer chains, and the matrix is slightly hydrophobic (as PVAc is also slightly hydrophobic). A Morse potential that can capture the hydrogen bonding effect is considered to be acting between the nano-rods. An imaginary bond is assumed to form between the neighboring rods; however, this bond will break when the distance between the rods exceeds a set cut-off value. Table S1 . Our aim is to monitor the thermo-sensitive structural changes using the described model. So after reaching the thermally equilibrium state (2*10 5 simulation time steps with Δt = 0.01), the system is heated up. Each EDPD particle is coupled with a thermal background whose temperature C is a linearly increasing function of the simulation time. Thus, depending on the temperature difference each EDPD particle obtains a heat flux from the background according to the following equation.
where E is the particle temperature. As explained before, in the non-isothermal condition the conservative potential is a function of temperature and varies with simulation time. In our simulations the temperature is increased linearly with time (from 0.8 to 1.4). Figure S8 shows the temperature of the system that is calculated from the kinetic energy. Also, the interaction potential between the grafted chains and the solvent particles is calculated. As shown in Figure. S2c, the measured repulsive potential shows a dramatic change as the temperature increases above the LCST transition point C = 1.0. Figure S1 . Characterization of the functionalized t-CNCs. (a) GPC of POEG 3 A (THF at 1mL/min) before (M n =13,000 g/mol, Ð=1.13) and after (M n =12,700 g/mol, Ð=1. 3 A fibers obtained from the AFM images. Table S2 . Data for t-CNC-g-POEG 3 A/PVAc (a) Composition and water uptake for composite set 1, t-CNC-g-POEG 3 A/PVAc nanocomposites (b) Glass transition temperature (T g ) and tensile storage modulus (E¢) for composite set 1. The modulus values under different conditions: dry asprocessed (1D AP , Dry As-Processed), soaked in below LCST water for 3 days (1W BL , Wet Below LCST), placed in above LCST water (60°C) for 1 hour (1W AL , Wet Above LCST) and re-dried above LCST (70°C) (1RD AL , Re-dried Above LCST). T g data for t-CNC-g-POEG 3 A/PVAc composites determined by DSC. All samples were run under a flowing nitrogen atmosphere and were heated and cooled at a rate of 10 ºC/min through the temperature range of -60 to 80°C. The glass transition temperatures were determined by taking the midpoints of the stepwise change in the heat flow signal from the heating and cooling traces. T g of the wet 30 and 40 wt% was not observed presumably as it is hidden by the T m of the water. 
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